Abstract The Commonwealth Government of Australia appears to be moving towards a national policy on environmental education for a sustainable future. Using the new environmental campus of Charles Sturt University in New South Wales as a case study, this paper outlines how one Australian university is providing sustainability in higher education by integrating its designs, operations and teaching practices. In doing so, it shows recent initiatives in the higher education sector and highlights the gap between Commonwealth Government moves to enhance the national effort and what is happening on the ground. It is suggested that this gap exists because the Government outlines a series of actions rather than a set of ethical propositions for development at a local level.
Introduction
Australia faces massive environmental problems. Its waterways receive over 20 tonnes of phosphorus, 250 tonnes of nitrogen, 200 litres of oil, and 20 megalitres of effluents each day. Each day, mismanagement of land and water costs $40 million (Australian Bureau of Statistics, 1996) . Australians also produce about a kilogram of garbage, about 1,000 kilotonnes of carbon dioxide and ingest about 1,000 nanograms of pesticide/kg of body weight each day (Australian Bureau of Statistics, 1996) . The demands of Australians today are compromising the ability of tomorrow's generations to meet their own needs.
Perhaps never before has there been such an urgent need to change human behaviour on this continent. Environmental education can play a key role by creating awareness, and changing people's values, skills and behaviour (Fien, 1997) . The education sector that might make the greatest immediate impact on sustainability in Australia is the university sector. This sector has access to and shapes the leaders of tomorrow and, in some cases, the leaders of today (Orr, 1992) . It is widely respected, and capable of setting both an example, and the agenda to the wider society. In addition, through research it has a broad impact on policy and technology (Orr, 1992) .
In early 1999, the Commonwealth Government made its first moves towards a national approach in education for a sustainable future by releasing a discussion paper entitled``Today shapes tomorrow'' (Environment Australia, 1999) . In that same year, Charles Sturt University opened a new environmental campus that demonstrates some of the more recent innovations in building design, operations and educational practice. An outline of the programme at IJSHE 1,1
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Charles Sturt provides a case study of recent initiatives in integrated education for sustainability and highlights the gap between the moves by the Commonwealth Government towards a national policy and existing practices.
Government and higher education in Australia
Because Australia is a Federation of States, it possesses a distinctive education sector. The various State and Territory Governments have traditionally been responsible for school education and vocational training, while the Commonwealth largely controls the university sector. Through the Department of Education, Training and Youth Affairs (DETYA), the Commonwealth allocates resources, develops policy, and administers programmes in higher education.
In 1992, the Australian Commonwealth, State and Territory Governments became bound in principle to achieve ecologically sustainable development (ESD). The overall goal for Australia's National Strategy for Ecologically Sustainable Development (1994) is to improve the total quality of life, both now and in the future, in a way that maintains the ecological processes on which life depends. The strategy requires the education sector to incorporate ESD principles into the curriculum, assessment and teaching practices; and to develop and improve vocational education and training programs which incorporate ESD principles and which will give practical skills in achieving ESD.
While State Governments have been implementing various environmental education initiatives for over 30 years, it was only in 1999 that the Commonwealth Government began to move towards a national approach on sustainability issues in education (Environment Australia, 1999) . The Department of Environment and Heritage discussion paper``Today shapes tomorrow'' sought to create national recognition of environmental education and stimulate debate amongst stakeholders about future directions in environmental education. In order to achieve this goal it offers broad directional and strategic suggestions on how to improve the effectiveness of environmental education across all sectors in Australian education.
The discussion paper recognises that higher education has extensive responsibility for mounting and supporting courses related to the environment, but its strategic suggestions are limited. It suggests the tertiary sector should: establish departments or centres focused on ESD; provide students with flexible learning to promote multi-disciplinary studies; and promote a whole institution approach to environmental practice.
The Charles Sturt University case study Charles Sturt University has three main campuses in regional New South Wales at Bathurst, Wagga Wagga and Albury. The 87 hectare site of the new Thurgoona campus at Albury is about 10km north of the city and bounded predominantly by roads and by a creek to the north (Figure 1 ). In the mid-1800s the land on which the campus is now situated was cleared for farming and, before the current development, consisted of poor quality pasture dominated by introduced grasses and weeds. Small areas of woodland and several small farm dams were also present.
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The initial design phase of the new campus involved establishing principles that addressed the concerns of building users, owners, designers and the community. Also considered were the environmental consequences inherent in the design process (Table I ). This approach recognised that certain environmental principles always apply, but that these need interpretation for particular applications and circumstances. This process, of adopting a set of ethical principles and interpreting them according to particular situations, was also used for the later operating systems and teaching practices within the university.
Building design
The early decisions to use passive design were critical in creating a shell of the building responsive to temperature variations. The high thermal mass of the concrete floors and rammed earth walls, a high level of insulation, the optimisation of windows for heat loss/gain and daylight, and the utilisation of natural ventilation are the key features designed to stabilise internal conditions (Table II) . In winter, the water is heated by solar collectors, and stored in large tanks. There is gas back-up for heating the water. In summer, the system operates in``reverse'', as well as cooling by thermal exchange with the water pumped up from reservoirs to the top supply dams. The``reverse'' operation involves circulation of the water through the solar collectors at night, when the temperature is generally cool Light and ventilation shafts
In the offices and clerestories provide daylight penetration to internal zones and assist cross ventilation by the stack effect Destratification tubes These collect hot air from the ventilation shafts and redistribute the heat. This may also operate in reverse for summer conditions Lighting design Based on energy conservation and flexibility of individual control, suits variable user requirements by the integrating daylight and supplementary, direct and indirect task lighting. Large fully shaded openable windows make the use of daylight possible for a wide range of tasks and provide good views to the outside. Individual switching of general and task lights allows the user to control the light level and direction to suit the task Rammed earth Rammed earth construction involves the compaction of soil in formwork to produce walls that are very durable, require little maintenance, and are resistant to fire, termites and the weather. The colour of the finished wall depends on the mix of soil; our walls are a soft earthy pink. The raw material was stabilised with off-white cement to achieve the required erosion standard, compressive strength and dry density Recycled materials This includes timber and some shelving material from the dismantling of the Dixson stacks at the State Library of New South Wales in Sydney. Recycled timber is the preference throughout; however, where this is not practical, plantation timber is substituted Non-toxic materials
The stacks, originally installed in the library in 1930, are integral structural system of glass flooring, and library shelving. Installation of the 24mm thick glass flooring around the voids and in the corridors in the office building, enhances daylight penetration. The original steel beams support and frame the panels. The shelving components are also reassembled for reuse in the offices. Wool and linoleum floor coverings, wool insulation, non toxic paints and timber treatments. Minimisation of the use of PVC is largely achieved by the substitution of HDPE conduiting and pipework and clay pipes where possible
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Each building's rammed earth walls have a thermal mass that stores solar heat in winter while keeping buildings cool in summer. Water also circulates through the earthen slabs to provide additional temperature control. In winter, solar collectors heat water stored in large tanks which then circulates through the slab for space heating (Figure 2 ). In summer, the system operates in reverse by operating at night and via a thermal exchange. Cooling is by natural ventilation assisted by fans and spray misting of the external areas. As a final measure, night cooling occurs through the operation of centrally controlled vents; this further reduces the temperature of the thermal mass and air spaces in summer.
High levels of daylighting, integrated with flexible switching arrangements, reduce dependence on artificial lighting. The windows are large, double hung and the frames are recycled timber. Data and electrical cabling conduits were cast into the slab and rammed earth wall to feed skirting ducts throughout the buildings. The skirting ducts were recessed into the rammed earth using blockouts as were wall strip lighting recesses, picture rails and wall niches.
Other environmentally sensitive aspects include the use of recycled and plantation timbers, recycled shelving and steel, minimal use of PVC and aluminium, the use of natural materials such as wool floor covering and insulation, non-toxic paints for timber protection and no use of pesticides.
Waste and water management
The principles for water management were to minimise waste and pollution; and to maximise holistic and potential use. To achieve these principles for stormwater, a series of swales and contour banks were designed throughout heat water stored in large tanks underneath the roof which then circulates through the slab for space heating. The large water tanks outside the building collect water for distribution throughout the landscape the landscape. These collect the run-off, channel it through a system of connected wetlands and deposit the cleansed stormwater into three reservoirs formed by dams across a natural drainage line. The wetlands provide aeration, reduced sediment loads, and reduce nutrient levels. A windmill and solar energy generator then pump the water to two reservoirs at the top of a hill where the water can be distributed to the landscape. It is a self-contained system, yet the constant recirculation of water keeps the system alive and inhibits mosquito breeding grounds. Similarly, greywater is cleansed in other artificial wetlands which treat and aerate the water before final disposal by sub-surface irrigation (Figure 3) . A piped drainage system collects greywater generated from wash hand basins, showers, baths, kitchen sinks and laundries. The greywater flows through a grease trap followed by treatment in intermittently loaded, gravel-based, artificial wetlands planted with the locally native, emergent aquatic plants. The wetlands empty into evapo-transpiration mounds for final disposal. Any overflow goes to ephemeral wetlands planted with trees that tolerate both dry and wet conditions.
The wetlands have a modular basis allowing additional modules to be added as the volume of the effluent to be treated increases with growth in the size of the Thurgoona campus. Once it can be demonstrated that the treated water from the wetlands is consistently of a high quality, it may be released into the stormwater system for recycling.
Conventional toilet systems result in the contamination of high quality drinking water and are therefore expensive, resource intensive and environmentally unsound. The Thurgoona campus uses composting toilets that use no water and are odourless if properly designed, constructed and operated. The waste material is then shallow buried. The installation of such dry composting toilets overcomes the need for the relatively large infrastructure inherent in on-site sewerage treatment systems. Other organic waste is minimised through appropriate use of bins. Town water supplies every building for drinking, cooking and washing. In comparison with conventional buildings, demand for the town supply is lowered by the use of composting toilets, drainage run-off for irrigation purposes and rainwater tanks to collect building roof run-off. In addition, water efficient shower heads and similar fittings occur throughout the building.
Operating systems
The development of the Thurgoona campus established an agenda of environmental sensitivity. Accordingly, the staff decided that these efforts must be reinforced and supported by on-ground practices to prevent a situation where rammed earth buildings are little more than fac Ëades for wasteful and inefficient practices. So, as with the initial design phase, the staff established some guiding principles which would underpin the further development and operation of the campus. These were: working conditions should be intellectually stimulating and offer a healthy and happy ambience; consumption of natural resources should be minimised and resources, or their by-products, should be re-used and/or recycled after use, wherever possible; the best environmental practices available should be used to achieve harmony with the environment; and the campus should be used and promoted as a model of sustainable environmental management.
To reduce energy usage, all doors leading to the outside are kept closed to maintain warmth/coolness. Lights are generally switched off when they are not required and any office equipment which is not in use but which must be left on overnight is on an energy saving setting (e.g. photocopiers). In addition, the use of bicycles as transport to, from and around the campus is to be promoted. Indeed a local bicycle shop has sponsored a number of bicycles to encourage their use.
The use of paper is minimised whenever possible ± for example, by reducing the number of memos distributed or by sending them by e-mail. Draft copies are printed on the back of already used paper and photocopies are normally double sided. Recycled paper is used whenever possible. In addition every office has a paper recycling bin as well as a refuse bin. Paper recycling bins are also placed near every photocopier, printer and fax machine. Recycled or energy efficient office equipment is purchased, with refillable components rather than disposable ones.
Only recycled, non bleached toilet paper is to be used and the most environmentally friendly form of hand drying adopted (e.g. recycled paper towel, blow drier or cloth towel). The use of any cleaners and disinfectants is carefully controlled, even if they are those which are kinder to the environment.
As the site is restored to native vegetation, it is expected that it will be progressively colonised by native animals. However, it is realised that animal habitats are often complex and require the presence of particular food species, dead trees and litter. Human interference with the accumulation of these materials is avoided wherever possible, even when it runs counter to conventional requirements for neat and tidy landscapes (e.g. mud nesting by swifts).
Education practices
Home to inter-disciplinary school Aside from Canberra, Albury-Wodonga, with a population of over 100,000 people, is the largest inland town in the Murray-Darling Basin. The MurrayDarling is Australia's longest river system, covering 1,063,000 sq km, and the catchment is the nation's most important agricultural area. The catchment is also beset with some complex and long-term environmental problems such as salinity and loss of water quality. Around 80 per cent of the accessible or divertible water in this basin has been developed for human use (Commonwealth Scientific and Industrial Research Organisation, 1996) .
The new building is home to the School of Environmental and Information Sciences. The courses taught at Thurgoona are inter-disciplinary, covering aspects of social, cultural biological, physical and information sciences, and strongly reflect the character of the region. The three main Bachelor of Applied Science courses are:
(1) Parks, Recreation and Heritage which aims to produce graduates who can apply basic scientific principles to the management of Australia's natural and cultural resources for the purpose of their conservation. (2) Information Technology which is designed to equip students with the skills and attributes required to be effective and efficient information technology professionals; and (3) Ecotourism which aims to provide education in the area of ecologically sustainable tourism.
The emphasis is on inter-disciplinary rather than multi-disciplinary. In Australia, there are over 300 environmental courses, many of which lack coherence and clear direction (Cosgrove and Thomas, 1996) . However, information technology at Thurgoona is developing a living, dried and online (Web based) herbarium of plants occurring in the Murray Region. Ecosystem stability and species interactions are being modelled using complex systems. Similarly ecotourism and cultural heritage subjects are looking towards innovative use of information technology to enhance teaching and learning (Atkinson et al., 1997) .
Promotion of life-long learning
Australia is a multi-faceted society and students drawn from this population exhibit a diversity of age groups, ideologies, and cultural and ethnic backgrounds. While higher education has traditionally viewed the vast majority of the student intake as school-leavers, Charles Sturt University is promoting life-long learning in two ways. First, it is part of a whole institutional approach being developed in the region. Indeed the townships of Albury, and nearby Wodonga, have both recently announced they have become``Cities of Learning''. Memoranda of Understandings are being developed and courses conducted in partnership with the local College of Technical and Further Education (TAFE), and the College of Adult and
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Community Education (CACE). The aim is to create an integrated precinct for education. For example, many parks, recreation and heritage students undertake TAFE courses in bush regeneration, boating, and small engine maintenance. Similarly TAFE students gain advanced accreditation for courses at Thurgoona. Second, Charles Sturt University is a major provider of distance mature aged learning in Australia. It is also a key provider of Aboriginal education in the tertiary sector. Teaching and learning strategies adopted have enabled the School of Environment and Information Sciences to cater for a diversity of students. Bridging courses are available to those students who have been away from study through the CACE and through Student Services. Many subjects are now being provided online to decrease the disadvantage of distance.
Provision of practical experiences
The landscape character of the campus reflects both the rural and social environments of the region, and is laden with teaching and demonstration opportunities for the courses offered at Thurgoona. Prior to the development of the campus, staff and students carried out archaeological and historical impact assessments, even though such was not legally mandated as part of the development (Spennemann, 1995) . This resulted in an area being set aside as a dedicated cultural heritage management training area for site surveying, mapping and recording. Fire management principles are demonstrated on site, as is water quality testing and fauna survey techniques. This local work is supplemented by regional excursions to key areas in Australia such as Tidbinbilla Nature Reserve, Mungo National Park and Minnamurra Rainforest.
Superimposed on to these applied studies is a practical component throughout the three years of the degrees. This practical component includes certificate level courses such as four-wheel driving, and``Aussiehost'' accreditation. However, the major component of the practical work is a sixweek field placement. Students have worked Australia-wide in key heritage and ecotourism centres such as Kakadu National Park, The Great Barrier Reef, Brisbane Forest Park (Queensland), Cradle Mountain (Tasmania), Monkey Mia (Western Australia), and Fraser Island (Queensland). This has contributed markedly to the employability of its graduates.
Broader social benefit
Education for sustainability must be in harmony with broader social and economic environment. To this end, the school is working closely with the community. For example, a significant area near the campus is devoted to regional parklands which are being developed for the local community by incorporating the site into recreation and interpretive planning subjects. Indeed recent graduates are now employed to help manage areas like these throughout the region.
In addition, staff contribute to many advisory boards (e.g. Albury Board of Adult and Community Education, The Murray-Darling Basin Commission River Management Committee) and several academics are actively involved in community issues by developing educational kits, public education brochures, and contributions to local historic societies. Three academics have regular radio talk-back sessions on science, the Internet and information technology.
Are teaching practices working?
Although inter-disciplinary, life-long practical experiences are critical, one of the fundamental defining characteristics of effective education for sustainability is whether students reflect on this learning and whether this leads to changes in values, attitudes and behaviours (Fien, 1997) . Ideally, students are challenged in their attitudes and forced to re-evaluate their positions in the light of new information and stimuli. While this is difficult to evaluate, there are some indications that attitudes of students at Thurgoona do change. Table III shows the result of a questionnaire asking students various general history and heritage knowledge questions for the subject``cultural resource management''. The subject aims to challenge students' views of cultural heritage matters. Several of the assertions contained in the questionnaires were tutorial discussion topics. Students' views on the tutorial topic were polled at the start of semester, one week after the tutorial, after the mid-term break, and at the end of term. The total population enrolled in the subject was composed of 26 per cent students studying for the B.AppSci. (Ecotourism), with the remainder studying for the B.AppSci. (Parks, Recreation and Heritage).
The data show that an overwhelming two-thirds to three-quarters supported the assertion for a universal right to knowledge at the beginning of term. Worth noting is the slight drop in``don't know'' and the 30 per cent increase in those disbelieving the proposition after term break. More specifically, the drop in thè`s trongly believe'' answers is statistically significant at the p < 0.01 level. The rise of the``mildly disbelieve'' group is significant at the p < 0.05 level. Six weeks later, after return from the mid-term break, a slight reduction in the affirmative opinions occurred, indicating that further reflection took place. This trend continued in the end of term.
In addition, the two named questionnaires conducted for the subject permit the correlation of an individual's response to assertions in the before and after Note: a In traditional societies, knowledge is strictly compartmentalised along lineage, age and gender lines. As cultural heritage management deal with the preservation of heritage places and the fostering of cultural values which gave rise to these places, students must be sensitised to these issues questionnaire, thereby providing an insight into the nature and extent of individual opinion shift (correlations carried out after the grades had been finalised). Table IV sets out the opinion shift. As a small number of students failed to fill out either the before or the after questionnaire, the total number of samples is 120. What is encouraging is that opinion shifts actually occurred in both directions, albeit in small numbers. Overall, more than three-quarters of the student population shifted their opinions in relation to this assertion. Moreover, two-thirds of the students shifted their opinions as a result of the tutorials, one third of which by two increments or more ( Table V) . The teaching strategies adopted for Cultural Resource Management evidently provide a means of challenging student attitudes by confronting them with new questions leading to an informed re-evaluation of their previously held positions.
Discussion
The Australian Commonwealth Government has an important role to play in terms of national leadership, coordination, and acting as a catalyst for positive educational initiatives in a wide range of community settings. Yet the Australian Government discussion paper on sustainability in the education sector clearly lags behind current practice in higher education. The Thurgoona case study provides some insight as to how the Government's three challenges to the higher education sector might be extended:
Opinions expressed in the first named questionnaire (%) (1) Beyond setting up centres on environmental sustainability, higher education could incorporate sustainability issues into the curricula of non-traditional courses, such as information technology. That is, the rate of unsustainable resource use means there is a need to place sustainability as an essential part of all course curricula. This principle has been advocated by several other authors on higher education (e.g. Orr, 1995) , stating that all education is environmental education. (2) Beyond providing students with flexible learning experiences, universities should seek to integrate all higher and community education sectors so the community is provided with flexible practical learning experiences. If universities are viewed as providing the highest degree of learning, they play a unique role in educating the wider community about issues in sustainability and forming partnerships with other providers. In contrast to the front-end model of learning, which emphasises training of youth in the elementary through post-secondary years, this concept of a learning society views learning as a lifelong process. This model provides the flexibility necessary for people to adapt to social, economic, and technological changes that characterise modern society. (3) Rather than foster a whole institution approach to practice, it is possible to integrate design, practice and learning together. As key centres of teaching and learning, as well as centres for innovative research, universities should lead by example (Orr, 1995) . Higher education should be able to demonstrate education about, in and for sustainability (Huckle, 1993) .
The question then arises as to why a discussion paper that``seeks to challenge other sectors to review and further develop their own environmental education activities'' (Environment Australia, 1999, p. 5) should fall short of the mark. One reason could be that Australia's traditional conservative university curricula tend to reinforce discipline-based learning with emphasis on theoretical abstract problems. Discourse in the sector is dominated by a few, large and relatively old institutions. While this may increase standards and quality of knowledge, the net effect is to narrow intellectual focus and encourage conformity (Orr, 1995) . Such a curriculum goes against education principles for sustainability, and should be replaced by a curriculum orientation and a pedagogical practice which engages students in problem-solving and action-based activities. Another possibility is that the Government has decided that environmental sustainability is a low priority for the higher education sector. This appears likely for three reasons. First while the Department of Environment and Heritage released the discussion paper, it is DETYA that has responsibility for the tertiary sector. Second, the DETYA representative on the reference group for the discussion paper was from the quality school branch rather than the Higher Education Division. Third, DETYA's latest discussion paper on higher education emphasises the need to make universities more entrepreneurial, economically efficient, and industry oriented (Kemp, 1999) . Indeed, much of the current debate on higher education in Australia is about introducing standards, reform and competition. This approach has been argued as destroying traditional values of independence and scholarly excellence, as well as being against the principles of environmental education (Wootton pers. comm., Fien, 1997) . Such an approach will, in turn, affect how tertiary institutions in Australia shape and define the capacity of their graduates to think.
Finally, there have been few published efforts describing how ecologically sustainable development can be applied to higher education in Australia. In terms of curricula, there are 300``environmental'' courses in higher education, yet these often lack coherence and clear direction (Cosgrove and Thomas, 1996) . More broadly, the literature on environmental education in Australian tertiary institutions is largely focused on teacher training (e.g. Walker, 1995; Scott, 1996) rather than on practices, operations or teaching in other disciplines. This narrow focus tends to stifle creative policy and agenda setting.
Australian Government policy aside, there are some more global lessons to be learned from the Thurgoona campus case study. First the whole concept is new and pioneering in its approach for an Australian university, and inevitably some fine tuning and adaptive management will be necessary. An ongoing monitoring of the performance of the various systems, with comparisons to practices being implemented worldwide, is needed. This will enable the Thurgoona campus to demonstrate that its practices today are having a minimal impact on future generations. That is, integrated design, operation and practices need constant review and monitoring.
Such monitoring needs to demonstrate the effectiveness of environmentally sustainable practices to the Board of Governors. With regard to resource use within the University, many past practices were both wasteful of natural resources and unnecessarily expensive. For example, the Thurgoona site had one pre-existing building, which was purchased as part of the land, and this has an energy bill of $60,000 p.a. and much of its``waste'' (e.g. glass, plastics and foodstuffs) was taken directly to landfill.
It will also have to promote the benefits and significance of the Thurgoona campus buildings and grounds to the Australian community as a whole. When completed the Thurgoona Campus will comprise an example of a neighbourhood sized development: the residences provide an example of highdensity dwellings; the School Offices are typical of office accommodation; the lecture theatre and teaching rooms exemplify community facilities such as cinemas and clubs. However, the demonstration of the feasibility and benefits of passive energy and environmentally sensitive designs and operations is rare.
Second, the most important lesson learned is one of``ends'' and``means''. In applying sustainability to higher education, the Charles Sturt University case study demonstrates many of the practices advocated elsewhere (e.g. Orr, 1995) . However, it must be emphasised that the starting point for its design and operations has been developing clearly thought out mutually agreed ethical propositions. This creates a clarity of purpose and fluidity in the process that allow integrated teaching, operations and designs to be developed and implemented. This is perhaps the difference between practice and policy in
